





TECHNISCHE UNIVERSITÄT DRESDEN 




in partial fulfillment of the requirements for the degree of 
 
Dr. rer. pol. 
 
Business Domain-Specific e-Collaboration: 
Enabling Integrated e-Collaboration in Enterprise 
Systems Based on the Example of the Product 
Costing Domain 
 
M. Sc. Diana Lück 




Prof. Dr. Susanne Strahringer 
Prof. Dr. Werner Esswein 
Submitted:  October 10, 2017 
Defended:  February 7, 2018 
Acknowledgments 
I would like to express my deep appreciation to my supervisor, Prof. Dr. Susanne Strahringer, for her 
tremendous support in my research over the last five years. I would also like to thank my colleagues 
from the Chair of Information Systems, esp. IS in Manufacturing and Commerce for their valuable 
assistance and suggestions throughout my project, particularly Dr. Christian Leyh. 
Furthermore, I am extremely grateful that SAP gave me the opportunity to conduct this research project. 
Thanks to the whole team of the SAP Innovation Center Network Dresden, especially my supervisors 
Dr. Daniela Wünsch and Dr. Steffen Göbel.  
To my family and friends, there are no words that can describe how important you are to me. Thank you 
for everything! 
Table of Contents  I 
 




1 Motivation ........................................................................................................................... 1
2 Research Design .................................................................................................................. 2
2.1 Epistemological and Ontological Position ................................................................. 3
2.2 Research Objectives ................................................................................................. 3
2.3 Research Methodology ............................................................................................. 4
3 Course of Investigation ....................................................................................................... 6
3.1 Step I: Problem Identification ................................................................................... 6
3.2 Step II: Demonstration of the Research Gap .............................................................. 7
3.3 Step III: Requirements Analysis .............................................................................. 11
3.4 Step IV: Design Prototype ...................................................................................... 14
3.5 Step V: Evaluation Cycle 1 ..................................................................................... 16
3.6 Step VI: Evaluation Cycle 2 .................................................................................... 18
3.7 Step VII: Design Science Perspective ..................................................................... 20
3.8 Step VIII: Design Theory Perspective ..................................................................... 20
4 Results and Implications ................................................................................................... 23
4.1 Summary of Results................................................................................................ 24
4.2 Implications for Research ....................................................................................... 25




Research Paper I: Integrated Virtual Cooperation in Product Costing in the Discrete 
Manufacturing Industry: A Problem Identification ..................................................................... 33
Research Paper II: Toward Business Domain-Specific eCollaboration: Requirements for 
Integrated Virtual Cooperation in Product Costing ..................................................................... 34
Research Paper III: Enabling Business Domain-Specific eCollaboration - How to Integrate 
Virtual Cooperation in Product Costing ....................................................................................... 35
Research Paper IV: Evaluating Business Domain-Specific e-Collaboration -How Integrated e-
Collaboration Improves the Product Costing Process .................................................................. 36
Research Paper V: Evaluating Business Domain-Specific e-Collaboration: The Impact of 
Integrated e-Collaboration on the Coordination of Component Calculations in Product    
Costing  ........................................................................................................................................... 37
Table of Contents  II 
 
Research Paper VI: Enabling Business Domain-Specific e-Collaboration: Developing Artifacts 
to Integrate e-Collaboration into Product Costing........................................................................ 38
Research Paper VII: Design principles for business domain-specific e-collaboration: a solution 
for integrated e-collaboration in enterprise systems based on the example of the product costing 
domain  ........................................................................................................................................... 39
 
List of Figures  III 
 
List of Figures 
Figure 1: Elements of a research design (following Becker et al., 2003). ............................................. 3
Figure 2: Epistemological & ontological position (following Becker et al., 2003). .............................. 3
Figure 3: Research methodology. ....................................................................................................... 5
Figure 4: IT support of collaboration in product costing. ..................................................................... 7
Figure 5: Degree of process specification (Böhringer, 2001). .............................................................. 8
Figure 6: Requirements model for collaboration in product costing. .................................................. 13
Figure 7: My Home screen. .............................................................................................................. 14
Figure 8: Product Cost Monitoring screen. ........................................................................................ 15
Figure 9: Use case analysis. .............................................................................................................. 17
Figure 10: Prototype used in the usability test. .................................................................................. 19
Figure 11: Results from the feedback survey after the usability test................................................... 20
 
 
List of Tables  IV 
 
List of Tables 
Table 1: Collaboration shortcomings in product costing as addressed in related research fields. ........ 10
Table 2: Mapping of design elements and requirements for BDSpeC. ............................................... 16










For the process of corporate management, adequate instruments and methodologies are required to lead, 
manage, and direct a company. To establish the foundations for corporate decision making, both 
financial and nonfinancial data are used in managerial accounting (Warren et al., 2014). As part of 
managerial accounting, product costing enables companies to estimate the costs that a product will 
generate in the future. In such efforts, preliminary costing is crucial since 70% of the costs of goods sold 
are already fixed during product development, revealing a high potential to influence costs. In the 
discrete manufacturing industry, product costing is performed as soon as the development cycle of a 
new product begins. The more complex and uncertain the composition of a product is, the more 
extensive is the process of assessing the costs in advance (Saaksvuori & Immonen, 2004). Products 
consist of numerous parts that can be produced in-house, in a different plant of the company or else 
purchased from suppliers. Furthermore, every product needs to be assembled, often according to 
complex procedures (Hansen et al., 2009). Product costing is a highly relevant task in the discrete 
manufacturing industry in order to provide reliable financial assumptions. In today’s globalized world, 
new sources of procurement and markets evolve daily and manufacturing processes change constantly 
in response to new innovative technologies. As such, diverse factors influence the costs of a product. 
Especially when profit margins are low, as they are for automotive suppliers, cost calculations need to 
be exact, as minor deviations from the calculated future real costs per piece easily lead to financial losses 
for the business (Drury, 2008). 
Given the high degree of information exchange and communication among parties involved in product 
costing, the process represents a collaborative business activity (Hansen et al., 2009). Typically, sales 
management communicates with customers to negotiate new products. As soon as a cost quote for the 
product is needed, the product costing department is contacted. Product engineering begins to design 
the product and gives feedback about the possible composition of it. If parts for the product need to be 
purchased, the procurement department has to negotiate purchase prices for those parts with the 
company’s suppliers, and manufacturing has to validate the specifications regarding production before 
the cost quote can be issued to the customer. To execute those tasks of the costing process efficiently, 
collaboration is essential given the number of participants and the amount of information that has to be 
exchanged. Due to the expansive amount of data in management accounting, information technology 
(IT) is essential. In the area of classic cost accounting, standard software is available, but in the early 
phases of product development, mainly spreadsheets created in programs such as Microsoft Excel are 
used (Fiedler & Gräf, 2012; Walter & Leyh, 2017). As a result, problems arise including costly manual 
data administration, inconsistencies, missing documentation, and a low degree of integration (Schicker 
et al., 2008; Lück & Leyh, 2016a). 
Research regarding collaboration dates back to the 1980s, when a research community called 
“computer-supported cooperative work” started to investigate how technology can be used to support 
people in their work (Grudin, 1994). Due to the ongoing evolution of software technology and the 
emergence of the Internet, new possibilities of collaboration have arisen. Web 2.0 has enabled to work 
together via the Internet in virtual social networks, using real-time collaboration, instant communication, 
Research Design  2 
 
and collaborative authoring tools. The trend of Web 2.0 also swept over into the business world. e-
Collaboration, also referred to as Enterprise 2.0 or Social Enterprise (McAfee, 2006), covers 
collaboration within and between organizations based on information and communication technology 
and describes practices of communication, coordination, and collaboration between people in distributed 
contexts like projects, teams, or processes (Riemer et al., 2009). The categories of application are diverse 
and their development is ongoing. Weblogs and microblogs, wikis and group authoring tools, social 
networks, and instant communication are just some of the tools found in the modern business 
environment (Koch & Riemer, 2009). Furthermore, social software suites are emerging, following the 
trend towards integrated solutions that cover several categories of e-Collaboration. The implementation 
of such tools can improve communication, enable collaboration, and provide more flexibility for 
employees to work together. Today’s work environments demand collaboration between distributed 
teams without location or time constraints. Accordingly, e-Collaboration can benefit a company’s work 
productivity (Alqahtani et al., 2014). Despite these possible benefits, Andriole (2010) revealed a gap 
between the expected and actual business impacts. Although numerous software products exploit these 
collaborative technologies, e-Collaboration is a complex, risky, and often ineffective undertaking in 
practice. The ongoing and rapid emergence of e-Collaboration technologies makes it an insecure, 
unsteady field, both managerially and technologically (Riemer et al., 2009). Consequently, concerns 
about security and loss of control often arise. Another challenge is the adoption of e-Collaboration. A 
low user adoption can be the result of several factors, as Alqahtani et al. (2014) discovered. The benefits 
a company creates by successfully adopting e-Collaboration strategies can be affected by a lack of 
employee awareness or ability, an unsupportive corporate culture, or the length of time necessary to 
integrate these ideas throughout the business (Alqahtani et al., 2014). 
The general adoption of e-Collaboration has been investigated in numerous research studies (Riemer et 
al., 2009; Alqahtani et al., 2014). One new aspect worth examination is the business domain specific 
adoption. Product costing is a business domain with collaborative structures. Collaboration and the 
product costing process itself are highly linked and it seems that generic e-Collaboration tools cannot 
support the demand for dynamic interaction with a need for strong process and data integration in an 
adequate way. Such a direct connection of collaboration and the process of a business domain seems to 
be missing. Therefore, this doctoral dissertation investigates the integration of e-Collaboration into 
business domains based on the example of the product costing domain. A concept called Business 
Domain-Specific e-Collaboration (BDSpeC) is established to address the potential of integrating e-
Collaboration into the core process of business domains. 
2 Research Design 
The research design is the basis for scientific work since it clarifies the scope and the fundamental 
assumptions of the researcher. As displayed in Figure 1, it covers the epistemological position, the for-
mulation of research objectives and the explanation why certain research methods were chosen (Becker 
et al., 2003). In this section, the research design of this doctoral dissertation is explicated. 
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Figure 1: Elements of a research design (following Becker et al., 2003). 
2.1 Epistemological and Ontological Position 
Since the design, use, and benefits of information systems (IS) are usually perceived subjectively, the 
doctoral dissertation is based on the epistemological position of idealism. The research project aims to 
find a solution for a class of problems inducing from the exemplary business domain of product costing. 
Therefore, the methodical approach is inductive as the author aims to create universal knowledge for 













Figure 2: Epistemological & ontological position (following Becker et al., 2003). 
In idealism, the ontological position can have two specifications: Either the world is postulated to be 
objective or subjective (Becker & Niehaves, 2007). This doctoral dissertation presumes a world that 
depends on awareness and knowledge and for that reason it is assigned to constructivism (see Figure 2). 
The author follows consensus theory where truth statements rely on the rational acceptance within a 
group of researchers (Frank, 2006). 
2.2 Research Objectives 
The discipline of IS differentiates between descriptive and design objectives. According to Becker et al. 
(2013), the focus of descriptive objectives lies in understanding and describing observed phenomena, 
while design objectives contain the development of innovative concepts and artifacts that are able to 
change existing phenomena or create new phenomena. In design science, Gregor and Hevner (2013) 
classify knowledge in two types: Descriptive knowledge that can provide analyses/descriptions or ex-
planations and prescriptive knowledge that consists of the development of artifacts in form of constructs, 
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This doctoral dissertation investigates the potential of integrated e-Collaboration in product costing and 
whether such a concept can also be generalized to other comparable domains. In the discrete manufac-
turing industry, the determination of the costs of new products along their development cycles is handled 
in product costing and the assessment of costs in advance becomes more extensive, the more complex 
and uncertain the composition of a product is (Saaksvuori & Immonen, 2004). Collaboration is crucial 
in product costing since the degree of information exchange and communication in its processes is very 
high (Hansen et al., 2009). Therefore, the first descriptive objective of the doctoral dissertation is the 
identification of problems and challenges in the collaboration process of product costing providing de-
scriptive knowledge. This research step should investigate the complexity of the process and the current 
IT systems in use for the support of product costing with its collaborative aspects. To analyze whether 
a research gap exists and if current solutions address the identified problems, the knowledge base is 
analyzed as a second descriptive objective. With a requirements analysis, the needs to overcome the 
detected problems and challenges are explored with the design objective to develop a requirements 
model. Hence, this research approach corresponds to the proposal for requirements driven design sci-
ence research (DSR) of Braun et al. (2015). A design prototype should present a possible solution as an 
instantiation of integrated e-Collaboration in product costing followed by the evaluation of the artifacts. 
The last design objective of the doctoral dissertation is the introduction of design principles in order to 
provide a generalized representation of the research findings. 
Thus, the doctoral dissertation addresses the following research questions: 
(1) What deficits can be identified regarding the IT support of the collaboration process in product 
costing in the discrete manufacturing industry? 
(2) What are the intersectoral requirements for collaboration in product costing in the discrete manu-
facturing industry? 
(3) How can product costing be supported by a software system that satisfies domain specific collabo-
ration needs and is integrated into the respective business process? 
(4) How can this approach be generalized to other comparable domains? 
2.3 Research Methodology 
In the research project of the doctoral dissertation, the design science paradigm of Hevner et al. (2004) 
was followed. To clearly position the project regarding its relevance, design, and rigor, Hevner’s (2007) 
three-cycle view of DSR and March and Storey’s (2008) steps for design science in IS were considered: 
Problem Identification, Demonstration of the novel artifact, and Evaluation of the artifact. Applying 
established methods ensures the rigor of the research. The research methodology is illustrated in Figure 
3. As a first research step, an exploratory study was conducted to identify problems and challenges in 
the collaboration process of product costing, presented in section 3.1. This step verifies the relevance of 
the topic and clarifies the problems addressed in this doctoral dissertation. 
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Figure 3: Research methodology. 
After verifying the research gap (see section 3.2), two artifacts were developed: First, a requirements 
model for integrated e-Collaboration in product costing was derived from expert interviews that repre-
sents the concept of BDSpeC. Second, a design prototype was created that consists of mockups repre-
senting the instantiation of BDSpeC (see section 3.3-3.4). With this prototype, a proof of concept is 
provided to confirm the functional feasibility of the solution achieving both rigor and relevance 
(Nunamaker et al., 2015). Conforming to Hevner’s (2007) design cycle and the demand for constant 
evaluation activities in the DSR process recommended by Sonnenberg and vom Brocke (2012), the 
evaluation of the artifacts was executed in several iterations. In addition to the initial evaluation of the 
requirements model for BDSpeC, a validation with two focus groups was conducted to analyze whether 
the model supports specific use cases for collaboration in product costing. In a second evaluation cycle, 
the design prototype was evaluated for a specific use case in a usability test. As Venable et al. (2014) 
show, evaluation in DSR can follow different strategies whereby focusing on human risk and effective-
ness is recommended for cases in which the major design risk is of a social nature and depends on the 
further continuation of utility. The evaluation cycles also serve as a proof of value that, according to 
Nunamaker et al. (2015), should gauge whether stakeholders can use the solution to create value. The 
evaluation steps are summarized in section 3.5-3.6. To allow the IS community detailed understanding 
of the overall research approach, the approach was presented from a design science perspective (see 
section 3.7). Design principles for BDSpeC should generalize the prior research findings specifically 
determined for the domain of product costing. Gregor and Jones (2007) claim that the output of DSR 
for IS postulates a certain degree of generalizability to address not only specific instances of types of 
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solution, but also classes of problems. The explicit formulation of design principles for BDSpeC aims 
to support the design of integrated e-Collaboration solutions for other domains sharing similarities with 
product costing (see section 3.8). Along with the relevant results, each of the following sections presents 
the methodology used in the corresponding research step. 
3 Course of Investigation 
In this section, the methodology and the results of each step of the doctoral dissertation are presented. 
3.1 Step I: Problem Identification 
The research project started with an exploratory study that focused on identifying problems to assure 
the relevance of the project’s field. In that study, the collaboration process in product costing was in-
vestigated along with its participants and organizational IT support, to detect relevant problems and 
challenges. Further details appear in Research Paper I (Lück & Leyh, 2016a). 
Methodology. The goal of the first research step was to identify whether a lack of collaboration support 
exists in product costing. To that end, an online survey was designed to simplify the data collection 
process (Bethlehem & Biffignandi, 2012). The questionnaire was divided into three topic areas: the 
collaborative process, its participants, and IT support of collaboration. The sample of participants for 
the questionnaire was international and since discrete manufacturing consists of several industrial sec-
tors, companies from the automotive industry, the machine building industry, and the industrial sector 
of consumer goods were included. Different perspectives were considered to provide an overall under-
standing of the process, which encompassed managerial accounting, product controlling, marketing, 
sales and procurement as well as engineering and IT. Based on those requirements, companies with 
potential interest in research regarding product costing were contacted and 26 cooperation partners sig-
naled their willingness to participate - seven companies from Germany and 19 from the United States 
from which 26 German and 55 US employees were contacted. The study was conducted in April 2015, 
and altogether, 15 companies took part: six from Germany and nine from the United States. Of the 81 
invitees, 28 participated: half from US companies and half from German ones. Screenshots of the online 
survey and raw data of the responses can be found in the appendix of Research Paper I. 
Results. The results of the exploratory study show how important product costing is in the discrete 
manufacturing industry: 96% of participants deemed product costing to be relevant for running their 
business successfully. On average, 87% of the overall workload in product costing was reported to con-
sist of communication and information exchange, for which traditional methods (e.g., in-person meet-
ings and telephone calls) and generic tools (e.g., email and online conferencing) are primarily used. Data 
management was often reported to be detached from the collaborative process, since using spreadsheet 
programs remains common. Overall satisfaction with IT support in product costing demonstrated the 
need for action to improve the current situation as 46% of participants stated being unsatisfied with the 
IT support of collaboration. No respondent reported that the costing process was operated in a com-
pletely unstructured way. Necessary steps were described to be completed simultaneously by 61%. 
Course of Investigation  7 
 
Moreover, 86% of participants stated that multiple iterations were necessary in order to finalize a cost 
assessment. The coordination of the costing process is taken over by a central role reported 90%. These 
results indicate the potential to automate and accelerate the process. 
 
Figure 4: IT support of collaboration in product costing. 
Furthermore, the extent to which the current use of IT supports the collaborative process was analyzed 
in the exploratory study, illustrated in Figure 4. 39% of participants had little awareness of their tasks 
and the status of the process, while 29% of participants did not feel informed about the data that they 
needed to use for certain calculations. Accordingly, the ability of IT support to effectively integrate data 
for the process merits further investigation. 46% of participants also stated that the IT support of product 
costing provided inadequate support in helping to prevent miscommunication and ensure consistency in 
the company process. The results additionally demonstrate that collaboration support of 46% of partic-
ipants was not directly integrated into the system used for product costing. 
With this study, problems in the field were identified per Hevner et al.’s (2004) second guideline and 
according to Hevner’s (2007) recommendations, the relevance of addressing and solving those problems 
in future research was verified. 
3.2 Step II: Demonstration of the Research Gap 
To investigate whether solutions for the identified problems exist, the corresponding IT knowledge base 
was examined and a market analysis was performed. This doctoral dissertation affects several research 
fields as it addresses product costing in the process of product development and product lifecycle man-
agement (PLM) as well as the area of Computer Supported Cooperative Work (CSCW), also known as 
e-Collaboration. Thus, both areas were considered when analyzing the research topic from theoretical 
and practical perspective. Detailed results of this research step can be found in Research Paper VII (Lück 
et al., 2020). 
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Methodology. To justify the research gap, a literature review was conducted from a research perspective 
considering the domain of product costing and its intertwined processes of PLM and product develop-
ment as well as the research field of CSCW. Furthermore, current software solutions were investigated 
presenting a market analysis to demonstrate the gap in software support. 
Results. As the first study of this doctoral dissertation showed, the number of involved departments 
(e.g., sales, marketing, engineering, manufacturing, procurement) is very high in product costing and 
processes can be very dynamic, especially with respect to collaboration and information exchange (Lück 
& Leyh, 2016a). Prior research regarding supply networks showed that in current solutions mostly struc-
tured data and processes are focused thus leading to a lack of coverage of unstructured, ad hoc interac-
tions - flexibility as well as the interoperability of structured and unstructured data and processes are 
challenges not being addressed adequately (Koppenhagen et al., 2015; Moe & Päivärinta, 2011; Rai & 
Hornyak, 2013). Product development projects are demanding from various perspectives due to the 
technical complexity, time pressure because of the timely market launch, and the big influence on pro-
duction and its methods (Stein, 2009). Since the product development process is highly interconnected 
with almost all business areas, interdisciplinary collaboration, early integration, as well as information 
and communication structures are required (Bullinger et al., 1995). Integrated product development 
should enable efficient process and configuration management on integrated approaches involving all 
participating organizational units (Kleedörfer, 1999). Enterprise systems (ES) can support project man-
agers and their teams simplifying project management in the product development process, focusing on 
standardization of structured data and streamlining of business processes (Koppenhagen et al., 2015; 
Stein, 2009). However, process and data orientation of those systems make it difficult to handle unstruc-
tured interactions happening before, during or after the actual execution of the structured business pro-
cesses since they are hardly supported by those systems (Calisir, 2004). This was also confirmed by 
Böhringer (2011) who describes loosely-defined, ad-hoc processes as a significant part of enterprise 
activities and, thus, an important topic of interest. Based on Bernstein’s (2000) specification of highly 
unspecified and highly specified processes, he points out that both extremes are strongly recognized in 
research, but that the significant part in between those extremes has been covered little in previous re-
search, illustrated in Figure 5 (Böhringer, 2011). 
 
Figure 5: Degree of process specification (Böhringer, 2001). 
Moreover, Lindemann (2016) points out that products for data and information management in product 
development require more intelligent functionality in the future enabling the full utilization of embedded 
systems through interaction of products and services in a networked manner. Product development needs 
to transform from a consecutive to a joint process and needs interdisciplinary collaboration on a con-
ceptual level early in the process. Further challenges are data integration of the different levels of the 
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automation pyramid and of the entire product lifecycle (Lindemann, 2016). Product development itself 
is considered to be a so called emergent knowledge process (Markus et al., 2002) being unpredictable 
in different aspects. Processes such as product costing being intertwined with an emergent process such 
as product development therefore share facets of their unpredictability and the resulting challenges in 
IT support. 
Further investigation of approaches was performed in the research field of CSCW. The support of col-
laborative activities is essential to ensure efficiency throughout business processes. When teams are 
spread over different locations, face-to-face team-work is impossible and usually all e-Collaboration 
categories are matters of interest: Communication, coordination as well as collaboration. Consequently, 
integrated collaboration platforms, also identified as unified communications (Riemer et al., 2009), seem 
to be suitable, since they offer bundled features from these three categories. Nevertheless, the concrete 
combination of the business activities, the workflow and the collaborative functions appear to be miss-
ing. Eikemeyer and Lechner (2003) created a tool to enable domain specific ad-hoc collaboration, but 
concentrated on the challenge of the high effort to establish the necessary infrastructure. Although they 
addressed virtual ad-hoc collaboration in an easy manner they did not focus on how business domain 
specificity can be accomplished through process integration. An integrated IT support system could 
contribute to the clarification who the participants in the process are, their tasks and the progress by 
representing these structures of the process and integrating necessary data sources. A few research pro-
jects have been undertaken regarding the idea of bringing business processes and e-Collaboration to-
gether. Working more collaboratively in business process management systems (Kemsley 2010) or cre-
ating cross-domain collaborative business processes (Capodieci et al., 2014) are approaches investigat-
ing e-Collaboration and the process topic, but focusing on different aspects. In business domains like 
product costing, the level of collaboration is very high, but the usage of the typical generic e-Collabo-
ration tools is not appropriate. Collaboration and the product costing process are highly linked, which 
means the interaction has to be initiated when certain data is available, e.g. when the supplier delivers 
the new price for a purchasing part. Classical e-Collaboration tools are less suitable due to their focus 
on general adoption not requiring a fusion of the specific business process with collaboration support. 
Thus, generic e-Collaboration solutions are not specifically designed to integrate the collaboration sup-
port into the core work process. 
e-Collaboration support that is specifically designed for the adoption in business domains has the po-
tential to support the involved employees exactly where and when it is needed. This still remains a 
challenge in the collaborative product costing process. The results of the literature analysis in the related 
fields are illustrated in Table 1. It summarizes the shortcomings of collaboration support in product 
costing and whether they are addressed in the related research fields. Even though automated data ad-
ministration is an aspect covered in literature on product development, the low degree of integration 
remains a partially neglected issue. From the CSCW perspective, the utilization of processes and data is 
given a high degree of freedom supporting unstructured, ad-hoc collaboration and providing necessary 
flexibility. While also transparency and traceability are central elements addressed in CSCW, the short-
comings concerning data administration and integration are not covered in this research field. Table 1 
clarifies that an approach addressing the identified challenges in a holistic manner is not available. 
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To examine whether and how existing software solutions cope with the identified challenges a market 
analysis was conducted. The focus of the analysis was the investigation of PLM systems due to the 
strong relation between product costing and the product development process. PLM is supported by 
software for managing products through the stages of their entire life cycle, from concept through re-
tirement. These systems developed from a mechanical design and engineering tool to being applied to 
many different vertical-industry product development challenges (Gartner, Inc., 2017a). Two of the 
most recognized business and technology analysis companies are the U.S. marketing research institutes 
Gartner, Inc. and Forrester Research, Inc. Gartner’s Magic Quadrant provides a graphical competitive 
positioning of technology providers in fast-growing markets (Gartner, Inc., 2017b). In Forrester’s Wave, 
vendors in a software, hardware, or services market are evaluated and compared (Forrester Research, 
Inc., 2017). In the Magic Quadrant for PLM from 2008 as well as in Forrester’s Wave from the same 
year, PLM is classified as a market with mature system support with several vendors positioning in the 
field of leaders (Siemens, 2008). PLM focuses on the development of products over the different stages. 
Even though PLM systems nowadays cover configuration and change management, the flexibility 
needed in the highly dynamic process of cost estimations in the early stages based on integrated data 
and process support is missing (Crnkovic et al. 2003, Eigner & Stelzer 2001, Lindemann 2016). Hence, 
product costing support is not focused in those solutions and integrated collaboration in the costing 
process is not considered in spite of collaboration support in the engineering activities. Thus, a category 
of systems called product cost management software or product costing solutions emerged. 
The field of product costing gets more and more attention from business and technology experts. Ac-
cording to Gartner, Product Cost Management software has reached what is known as the "Slope of 
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Enlightenment" in the Hype Cycle, a benchmark for evaluating emerging technologies (4-traders.com, 
2017). In this category, public perceptions have grown in terms of benefits and implementation. The 
Hype Cycle visualizes the individual phases of public perception that an emerging technology goes 
through from the time of its launch. The term Hype Cycle represents the benchmark used to evaluate 
emerging technologies and their relevance to the public. According to Gartner, the "Slope of Enlighten-
ment" is focused on experimentation and solid hard work by an increasingly diverse range of organiza-
tions and leads to a true understanding of the technology's applicability, risks and benefits (4-trad-
ers.com, 2017). Still, a broad range of companies uses spreadsheets to establish their cost estimations 
resulting in problems like missing data integration, manual data administration, and data inconsistencies 
(Schicker et al., 2008; Walter & Leyh, 2017). Coping with the challenges in collaboration in the costing 
process (e.g., automated coordination of data input, parallel execution and processing of tasks (Lück & 
Leyh, 2016a)) is all but impossible based on such insufficient system support. The existing specialized 
costing solutions typically have roots in the field of PLM, controlling or procurement. Costing systems 
with a controlling background, offered by enterprise resource planning or best of breed vendors, have 
their focus on costing, simulation and analysis, and cost optimization. PLM vendors and best of breed 
vendors for costing tools with a PLM background usually refer to target costing, cost management, and 
CAD integration as their main features. With the background of procurement, best of breed vendors 
offer solutions covering cost modelling and calculation, cost driver identification, and manufacturing 
estimates. From a functional point of view, the features offered in product costing systems support var-
ious requirements regarding the management of product costs. However, the conducted market analysis 
also showed that only two vendors explicitly named collaboration support in their product descriptions, 
but none following an integrated approach for it. The problems and challenges identified in the first 
research study require a holistic course of action to develop an advanced support addressing each of the 
four shortcomings elaborated in the context of Table 1 in their entire complexity. 
Thus, comprehensive support of integrated collaboration on product cost related issues is a challenge 
from a theoretical perspective. Adequate solutions for the identified problems could neither be found in 
the existing knowledge base, nor in the respective systems market. 
3.3 Step III: Requirements Analysis 
To investigate a possible approach for the identified problems, a requirements analysis was conducted 
as a next step in this doctoral dissertation. The result was a requirements model for e-Collaboration in 
the business domain of product costing. Research Paper II describes the requirements analysis in detail 
(Lück & Leyh, 2016b). 
Methodology. To determine the requirements regarding integrated e-Collaboration in product costing, 
expert interviews with 14 participants from various industrial sectors were conducted. All of them had 
a high level of professional experience in product costing and held diverse business roles in order to get 
a broad understanding. The interviews were conducted using a web-conferencing solution since partic-
ipants were located worldwide. During each interview, the interviewer introduced herself and explained 
the research, the purpose and structure of the interview, and how the researchers would use the results. 
She asked the interviewee to describe his or her professional career and expertise in the field, largely to 
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clarify his or her relation to product costing. The following part of the interview addressed the collabo-
rative process and IT support systems in terms of product costing by asking the interviewee to charac-
terize the process steps and their participants. The interviewer also asked each interviewee to describe 
how the process is supported by IT, whether shortfalls exist, and if improvements are possible. After 
data collection, qualitative data analysis was conducted in order to identify requirements for e-Collabo-
ration in product costing. The interview protocols were coded and analyzed using AQUAD 7, a software 
for qualitative content analysis (Huber, 2017). All codings were structured to systematically examine 
data content. The tool-based approach enabled to derive specific requirements for collaboration in prod-
uct costing (Miles et al., 2013), and by classifying those requirements, a requirements model for 
BDSpeC could be formulated. To evaluate the model, a face to face expert session was organized in 
which the requirements model was presented to 11 product costing specialists who did not participate 
in the interviews. All materials (interview guideline, interview protocols, qualitative data analysis, the 
evaluation sheet used in the expert session and the evaluation responses) can be found in the appendix 
of Research Paper II. 
Results. Based on the expert interviews, a requirements model for collaboration in product costing was 
established, illustrated in Figure 6. The model consists of four requirement areas that encompass 18 
requirements (R in the model), as well as three system prerequisite areas comprising six constraints 
necessary to enable IT-based collaboration support (C in the model). The requirement area Product Cost 
Monitoring covers providing a clear overview of the costing process since a main goal of collaboration 
support is to keep the participants informed about the status. A necessary component of Product Cost 
Monitoring is the subscription to objects in order to track them. Hence, users should be able to subscribe 
to them, both manually and automatically. The presentation of which tasks have been completed, what 
has yet to be done, and whether any issues remain unaddressed enables product costing experts to un-
derstand and control the process. Users have to be provided with exact, up-to-date information about 
the status, errors, and changes enabling system-based monitoring, simplifying coordination, and im-
proving control over the process. Product Cost Monitoring should also offer analytical functionality as 
the results of product costing analyses can influence how a team has to collaborate. The second require-
ment area is the Costing Workflow. To collaborate virtually in product costing, every user should be 
able to participate in a self-initiated, ad hoc workflow. Therefore, Costing Workflow should be a flexible 
tool for coordinating tasks, the statuses of which should then be summarized and presented in Product 
Cost Monitoring. Instead of imposing a predefined workflow users need to define necessary steps them-
selves since the execution of collaborative tasks needs to be highly flexible. The presentation of infor-
mation in form of a dashboard and via notifications helps to raise awareness by automatically informing 
participants about their workload and the tasks that they need to complete. Furthermore, tracking func-
tions are required in order to automate and facilitate steps necessary in the collaboration process. The 
requirement area of Task Integration extends the task concept of Costing Workflow to other IT systems 
used for product costing. It is common to determine information from several IS to obtain data that is 
necessary in the collaboration process. To prevent inconsistencies, relevant data input has to be syn-
chronized among these different IT systems. To coordinate tasks handled externally, interfaces connect-
ing the relevant IT systems need to be provided in order to manage and automatically integrate data 
from those sources. The fourth requirement area Collaboration Groups has to support the definition of 
teams and the areas that each team may access. Since Collaboration Groups authorize the collaboration 
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system and make it accessible, it is necessary to manage members of the collaboration teams as well as 
the areas that team members can access. To determine who may contribute and where they may collab-
orate, the assignment of teams to access areas is necessary. 
The requirements model additionally reveals preconditions for e-Collaboration in product costing. With-
out comprehensive access to the system, the potential of collaboration support is limited. Thus, System 
Access for all participants of the collaboration process is necessary to realize the system’s full capabili-
ties. Another precondition is System Performance. When there are time restrictions in the system, users 
need to wait for results in order to proceed to the next step making performance critical. System Assis-
tance is a major asset of standardized systems. Hence, implementation and operation knowledge from 
experts is another precondition for the success of collaboration support. 
 
Figure 6: Requirements model for collaboration in product costing. 
In the evaluation session of the model, all 11 participating product costing specialists agreed on the 
structure of the model, its requirement areas, and their subdivisions, and nobody indicated that any ad-
ditional requirements were missing. Evaluation revealed that all constructs of the model have signifi-
cance for e-Collaboration in product costing. No changes to the model were deemed necessary, and the 
modular composition was evaluated positively. The requirements model established for collaboration in 
product costing represents the concept for BDSpeC for integrating e-Collaboration into product costing 
and the respective domain-specific application, such as an accounting system or ES. By incorporating 
collaboration support directly into the core processes of the business domain, the potential to enable 
teams to work together based on a connection between daily work routines, data sources, and collabo-
rative needs is addressed. 
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3.4 Step IV: Design Prototype 
To address the requirements of the model described in the previous section, a visual prototype was 
designed. This design prototype presents an instantiation of BDSpeC for the integration into an ES. 
Detailed information about the prototype appears in Research Paper III (Lück, 2017). 
Methodology. With the design prototype, a system design in form of screens should be developed that 
would fulfill all the requirements for collaboration in product costing creating a comprehensive instan-
tiation of BDSpeC. Following, a summary of how to integrate each aspect of BDSpeC into an ES is 
given as a basis for a future implementation of the artifact. 
Results. As an entry point for all collaboration-related issues, a screen called My Home was designed. 
The screen enables users to immediately understand the status of all objects and to see all assigned tasks 
(see Figure 7). A main objective of the My Home screen is to achieve direct integration with the primary 
application, given the aim to enable users to cooperate directly within the system. Such integration re-
duces the need for manual effort leading to inconsistencies in data and a lack of transparency. 
 
Figure 7: My Home screen. 
Navigating to a tile item in the My Home screen opens the Product Cost Monitoring screen, which 
provides detailed information about the selected object, e.g., about existing tasks, checklists and flags 
and their completion status (see Figure 8). The screen also shows unresolved errors for the selected 
object and allows to access the analytical functions: Editing History displays a chart of the chronolog-
ical course of all changes made by processors, while the Comparison function enables users to match 
different objects in order to analyze differences. In the Product Cost Monitoring screen, collaboration 
steps can be initiated by creating new tasks and checklists. When external systems are used, synchroni-
zation can be activated, which enables the external processing of tasks. Such integration from other 
sources can improve data consistency and provide automation regarding the process. 
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Figure 8: Product Cost Monitoring screen. 
The central element of collaboration execution is the My Tasks screen for users to gain detailed insights 
into tasks assigned to them. It helps to raise awareness and to keep each user informed about his or her 
workload. When a user changes the status of a task, a notification is automatically sent to the partici-
pants. So, everyone involved in the process is immediately informed about the change. A similar proce-
dure is triggered whenever a new task is sent or a new checklist is activated. Users can also set flags to 
communicate the status of an object and leave comments to discuss issues. 
Permissions manage authorization in the collaboration system. A Team Definition screen was designed 
to enable the specification of teams and their members. On the Area Definition and Linkage screen, 
areas of access can be defined and linked to the defined teams. A reference specifies which objects are 
accessible by the respective area. Furthermore, subscriptions enable users to choose the objects that they 
want to follow. When a user creates a new object, he or she is automatically subscribed to it, sees all 
relevant information on his or her Product Cost Monitoring screen, and receives change notifications. 
The user can manually unfollow the object, but also follow any other object in his or her access area. A 
pin visualizes each subscription, and wherever objects appear on the screens, the user has the opportunity 
to click on the pin in order to follow or unfollow the item. 
Table 2 shows how each design element is connected to the requirements for BDSpeC in product cost-
ing. The design prototype represents an integrative approach for BDSpeC that enables virtual collabo-
ration in product costing based on connections among daily work routines, data sources, and the collab-
orative needs of the specific business domain. It offers insight into the progress of the costing process, 
can accelerate collaboration, and reduce the high manual efforts. Moreover, consistency can be in-
creased due to the reduction of manual data input. Awareness about the workload and an automated 
collaboration process can be established improving productivity and avoiding mistakes that result from 
manual efforts. The approach is very flexible and enables an easily adaptable authorization management. 
The design prototype covers all identified requirements for BDSpeC in product costing. Nonetheless, 
the requirements model also shows that system constraints need to be fulfilled, but were excluded from 
the design prototype, as those are external limits given by the costing systems in use. 
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3.5 Step V: Evaluation Cycle 1 
In design science, evaluation methods should demonstrate the usefulness, quality, and efficacy of a de-
sign artifact (Hevner et al., 2004). To that end, the artifacts developed for BDSpeC in the context of this 
doctoral dissertation were evaluated in several iterations. Along with the initial evaluation of the re-
quirements model for BDSpeC, the first evaluation cycle examined how the requirements model for 
BDSpeC supports the use cases for collaboration in product costing, described in detail in Research 
Paper IV (Lück & Leyh, 2017a). 
Methodology. This evaluation cycle investigated how the model for integrated e-collaboration supports 
and improves the product costing process. To do so, related use cases were examined and the relevance 
of the research artifact was validated by analyzing whether and how the model for BDSpeC addresses 
the detected collaborative use cases. The potential improvements that BDSpeC provides were evaluated 
for each use case with the focus group technique (Kriglstein et al., 2016; Stewart et al., 2007). Tremblay 
et al. (2010) adapted that method to design research projects and demonstrated how exploratory focus 
groups can be used to study an artifact to propose improvements, after which an artifact can be tested in 
confirmatory focus groups to prove its usefulness in the field. Correspondingly, the use case analysis 
was discussed first with an exploratory focus group of four business experts in product costing and 
collaboration. Each participant had a professional background in project management and software de-
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velopment for product costing. Based on the feedback, the artifact was improved and subsequently dis-
cussed in a confirmatory focus group consisting of three experts with background in consulting and go-
to-market strategies related to product costing. 
Results. In the use case analysis, five use cases were identified and presented to the exploratory focus 
group. Coordination of component calculations, approval process, data enrichment, sourcing pro-
cess and calculation analysis. The use cases for data enrichment and sourcing process caused dis-
cussion about their commonalities. Since participants stated that they both address the same element of 
the BDSpeC requirements model (R15 Interfaces), they were consolidated in a single use case (i.e., 
maturity process). After presenting the use case of calculation analysis to the focus group addressing 
R4 Error indication, R6 Editing history, and R7 Comparison of the requirements model, the group ex-
plained, analyzing calculations has to be a preliminary or follow-up step of collaboration. Although the 
results of analyses can prompt collaborative activities or vice versa, the use case itself is not defined by 
collaboration. In reply, that use case was excluded from the session with the confirmatory focus group, 
meaning that the respective elements of BDSpeC are not the prioritized aspects for collaboration in 
product costing. 
 
Figure 9: Use case analysis. 
The remaining use cases were the coordination of component calculations (1), approval process (2), 
and maturity process (3), all addressed by the requirements model for BDSpeC. Exemplarily, Figure 9 
displays the use cases in the collaboration process of a company from the consumer goods industry. It 
shows use case (1) with a continuous border, use case (2) with a dashed border and use case (3) with a 
dotted border. All three were discussed with the confirmatory focus group. With the Costing Workflow, 
it is possible to distribute tasks ad hoc, which supports the coordination of component calculations. 
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Meanwhile, Product Cost Monitoring enables the tracking of the collaboration process in terms of cur-
rent tasks and their statuses. Consequently, keeping participants informed improves transparency and 
awareness of the workload. Maintaining cost components is a highly collaborative procedure, and the 
focus group confirmed that the automation of that use case provided more accurate results. At the same 
time, the focus group agreed that, with BDSpeC, approval processes can be executed in a simplified 
way. By setting status flags, approvals can be easily communicated, whereas checklists allow for the 
creation of ad hoc workflows that help to automate approval procedures. Among other findings, the 
maturity process was considered to be rather complex by the confirmatory focus group as it sums up 
all scenarios in which data need to be exchanged and information from other data sources has to be 
integrated. Therefore, interfaces enabling the expansion of the Costing Workflow so that tasks can be 
completed in other systems were specified to be highly relevant. Addressing the Task Integration, 
BDSpeC provides several benefits, including the reduction of manual data input and the improvement 
of data consistency. The focus groups agreed that BDSpeC addresses the three use cases appropriately 
and supports the need for collaboration in product costing in a robust way. 
3.6 Step VI: Evaluation Cycle 2 
In a second evaluation cycle, the design prototype was validated for a specific use case in a usability 
test. Details about this evaluation cycle appear in Research Paper V (Lück & Leyh, 2017b). 
Methodology. The usability test was conducted for the use case identified in the first evaluation cycle 
as the basic use case for collaboration in product costing: the coordination of component calculations. 
During the usability test, business experts tested BDSpeC for the scenario based on the design prototype 
(Lück, 2017). Eight experts from five different German companies in the automotive and machine build-
ing industries participated. Each had a professional background in product costing and an extraordinary 
level of expertise in this field. During the test, every participant followed a test script with instructions 
explaining which steps to take and how to proceed. The usability test concluded with a feedback survey 
and a discussion, following Kriglstein et al. (2016). 
In the usability test, half of participants assumed the role of a product manager who coordinated the 
maintenance of the different components by distributing their tasks to the respective experts. By con-
trast, the other half played the part of a costing expert who had to bring in knowledge about the compo-
nents and work on assigned tasks. Figure 10 shows one of the screens of the prototype used in the 
usability test. In the feedback session conducted after the usability test, participants had to complete a 
questionnaire followed by a discussion. For the questions, a 7-point Likert scale (1 = Strongly disagree, 
7 = Strongly agree) was used to allow sufficient room for differentiation (Bethlehem & Biffignandi, 
2012). In the following results, average responses appear in brackets. The test scripts, the survey and 
the survey results can be found in the appendix of Research Paper V. 
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Figure 10: Prototype used in the usability test.
Results. Participants agreed that the scenarios of the usability test were realistic (5.5). The prototype 
was rated to be easy to use (6.5) and allowed scenarios to be completed quickly (6.25). Participants 
stated that the design prototype for the use case represented useful support for collaboration (6.375), for 
it could improve transparency (6.125) and enhance productivity in product costing (5.625). Regarding 
the visualization, the design prototype for the coordination of component calculations based on BDSpeC 
received exceptional feedback. The approach of connecting tasks with components of a calculation was 
rated to be highly useful (6.5), and displaying tasks in the side panel of the Calculation View was con-
sidered to be effective (6.5). Participants assessed the overview regarding tasks in the My Home screen 
to be helpful (5.5), though the discussion revealed a perceived risk of information overload when the 
number of tasks becomes very high. Another aspect of BDSpeC is the integrated navigation between 
tasks and business objects in terms of calculation components. Along those lines, the prototype was 
rated to be easily navigable (6.375) and shifting from tasks to the respective component of the calcula-
tion to be very useful (6.5). The results from the feedback survey are illustrated in Figure 11. 
In the discussion, the assessment was deepened by asking what participants liked and disliked about 
BDSpeC presented and tested in the prototype. Feedback stressed three aspects: BDSpeC offers a great 
opportunity to give an overview about the collaboration process and to manage it. Due to the intuitive 
navigation and integrated visualization, the prototype was described as a good tool to quickly assign 
tasks, gain insights into one’s workload, and track the collaborative costing process. Furthermore, par-
ticipants stressed the importance that the prototype allows the history of a calculation to be tracked in 
terms of who contributed and which input was given. Several additional feature ideas were mentioned, 
especially concerning the My Home screen. In all, the usability test showed that BDSpeC could facilitate 
the product costing process and improve data consistency due to the direct integration of tasks and com-
ponents. Data input could be handled directly in the ES used for product costing, and collaboration could 
be managed and tracked in an integrated way. At the same time, improved transparency and easy navi-
gation afford the potential to accelerate the process. 
Course of Investigation  20 
 
 
Figure 11: Results from the feedback survey after the usability test. 
3.7 Step VII: Design Science Perspective 
After the development and evaluation of the BDSpeC artifacts, a presentation of the overall research 
methodology was provided in order to show how DSR can be applied in a domain-specific environment, 
namely the discrete manufacturing industry. The research approach was presented to demonstrate the 
strong practical background in each of the different research steps based on cooperation with various 
companies from discrete manufacturing. In order to show that such a research project can be performed 
rigorously – from problem identification to evaluation of the artifacts developed – the research methods 
chosen for each step and the respective results were presented. Thus, by showing how the DSR guide-
lines were addressed in the research project, experience was shared on how DSR can be conducted in 
strong collaboration with practice. The corresponding paper is presented as Research Paper VI (Lück & 
Leyh, 2017c). 
3.8 Step VIII: Design Theory Perspective 
To generalize the prior research findings which were specifically determined for the domain of product 
costing, design principles were developed for BDSpeC as a next step in the course of this doctoral dis-
sertation. Gregor and Jones (2007) claim that the output of DSR for IS postulates a certain degree of 
generalizability to address not only specific instances of types of solution, but also classes of problems. 
The explicit formulation of design principles for BDSpeC aims to support the design of integrated e-
Collaboration solutions for domains other than product costing with a similar background, i.e., processes 
supported by ES where data needs to be collected from numerous sources and processed (e.g., reviewed, 
released, or aggregated) within a flexible group of people. Details on this research step appear in Re-
search Paper VII (Lück et al., 2020). The derived design principles are the following (abbreviated DP). 
DP1. Enable self-organization in the ES. The collaboration platform should offer capabilities to or-
ganize collaboration independently and self-directed. 
Course of Investigation  21 
 
The first design principle addresses several elements and requirement areas of the requirements model 
for BDSpeC in product costing (see Figure 6). Responding to R1 Automatic subscription and R2 Manual 
subscription of Product Cost Monitoring corresponds to the need to track data objects of interest for 
collaboration individually. By automatically subscribing to a costing object (e.g., when creating a new 
object) the user has to get relevant updates regarding the object. In the case that additional objects are 
relevant for a user, they have to be manually selectable to follow related changes. Meeting the require-
ments R8 Task creation and R9 Task assignment of the Costing Workflow allows users to define neces-
sary steps themselves instead of imposing a predefined workflow. Users have to be able to define activ-
ities that need to be executed, and it is crucial to link those tasks directly to the data object in order to 
have a connection to the data source (see also DP5). To manage who should execute which activity, the 
collaboration system needs to enable users to assign tasks. The first design principle also responds to 
requirement R12 Checklist allowing the definition of task sequences. Furthermore, DP1 relates to the 
requirements area Collaboration Groups (R16 Team definition, R17 Area definition and R18 Team area 
linkage) of the requirements model. By administering teams and areas that the team members can access, 
it is determined who can collaborate via the system and which users are allowed to access. 
DP2. Provide flexible task management in the ES. Workflows in the collaboration platform should be 
definable ad-hoc, self-initiated and extensible. 
This design principle aims to satisfy the requirements R8 Task creation, R9 Task assignment, R12 
Checklist, R13 Flag setting and R14 Discussion of the Costing Workflow. Setting up and assigning nec-
essary work steps allows users to coordinate and manage collaboration execution themselves and in a 
flexible manner. Tracking functionality should enable automation of necessary collaboration steps, like 
with checklists. R13 Flag setting also supports tracking, i.e. by flexible status setting. By addressing 
R14 Discussion, writing notes, leaving comments, and exchanging messages in an integrated manner 
allows to communicate along the self-defined workflows. 
DP3. Support process transparency in the ES. The collaboration platform should give full transparency 
about the collaboration process in order to provide full awareness about workload and progress. 
This principle addresses several elements of the requirement areas Product Cost Monitoring and Costing 
Workflow. Providing consistency checks (e.g., indicating missing data input or incorrect data) regarding 
all content that influences the collaboration process corresponds to R4 Error indication and enables to 
take immediate action whenever an issue is detected. Relating to R5 Status illustration, an overview of 
the status is given, e.g., by showing open tasks, illustrating actions in progress, and displaying who 
works on them. This provides insight on the collaboration process and creates awareness. Furthermore, 
analytical functionality should facilitate process transparency. Demonstrating the history of changes, 
addressed by R6 Editing history, enables to analyze the influence of modifications that have been done 
so far and who carried them out. Being able to compare data objects allows users to derive reasons for 
discrepancies and draw conclusions, addressing R7 Comparison. A central element addressed by DP3 
is R10 Dashboard. It establishes an understanding of what specific actions each user has to perform and 
presents the necessary activities that a user has to engage. Again, R12 Checklist, R13 Flag setting, R14 
Discussion are addressed supporting a transparent collaboration process. At the same time, information 
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overload needs to be avoided, which is addressed by subscriptions (R1+R2) since they enable to let the 
user choose relevant objects to subscribe to. 
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DP4. Enable traceability in the ES. Information should be provided about changes related to the rele-
vant content and activities. 
This design principle addresses requirements of Product Cost Monitoring and the Costing Workflow. 
Being able to subscribe to data objects of interest allows to track specific elements, relating to R1 Auto-
matic subscription and R2 Manual subscription. Addressing R3 Change notification, users have to be 
informed about new input and changes. The possibility of being notified whenever something is altered 
enables users subscribed to the object to be informed immediately. Aiming to satisfy R6 Editing history, 
insight on the influence of modifications and who carried them out should be provided. Furthermore, 
notifications are necessary when a task is assigned to someone, addressing R11 Task notification. In the 
collaboration platform, all information needs to run together and has to be presented to the user. 
DP5. Provide integrated data access in the ES. The collaboration process should be supported with full 
data integration ensuring data consistency and preventing redundant manual data input. 
This design principle addresses the requirements R8 Task creation and R15 Interfaces. The relevance of 
R8 Task creation for DP5 lies in the direct linkage of tasks to the data sources. The determination of the 
data object that should specifically be worked on in a task avoids media breaks and manual entries. 
Furthermore, relevant data needs to be synchronized among IT systems in order to be able to coordinate 
all data input automatically and reduce manual effort. Interfaces that connect the relevant IT systems 
need to be established, corresponding to R15 Interfaces. 
DP6. Comply with system constraints in the ES. The collaboration platform should satisfy the system 
constraints related to access, performance and assistance. 
The last design principle responds to the constraints C1-C6 of the requirements model. Every participant 
who needs to use the platform has to have access to it (C1 Multi user). Addressing C2 Parallel access, 
working in parallel on the platform is required. Additionally, performance requirements have to be met, 
relating to C3 Cycle time and C4 Calculation time. Thus, process interruptions and deceleration of op-
erational procedures need to be prevented. Addressing C5 Migration and C6 Support, system assistance 
through professionals with expertise regarding system implementation and operation has to be provided. 
Table 3 summarizes the design principles for BDSpeC and illustrates which requirements are addressed 
by each of them. Additionally, the ratings from the evaluation session for the elements of the require-
ments model are depicted (see research step 2). In this evaluation, each of the elements could be rated 
on a scale from 0 (Extremely unimportant) to 10 (Extremely important). With each rating being higher 
than 5, the relevance of every requirement is pointed out. 
4 Results and Implications 
In this section, the results and the implications for research and practice provided by this doctoral dis-
sertation and the respective research papers are summarized. 
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4.1 Summary of Results 
e-Collaboration has become an inherent part for teamwork within and between companies. Nevertheless, 
researchers as well as practitioners describe numerous managerial challenges related to the use of col-
laboration tools in business. Addressing research question (1), the current state of integrated e-Collabo-
ration in product costing was investigated in Research Paper I and problems were identified based on 
an exploratory study. Participants from different industrial sectors and with varying business roles took 
part, creating an objective picture of the characteristics of the product costing process. The findings 
demonstrated the current situation regarding collaboration in product costing. The process exhibited 
complex requirements for collaboration with a direct dependency on the process steps and its progress. 
Despite the progress of e-Collaboration technology, the IT support of the collaborative costing process 
showed significant room for improvement. The results of the study also revealed that current IT support 
is unsatisfactory and that the usage of common e-Collaboration tools is insufficient. The investigation 
of the current knowledge base and the market study confirmed a missing connection between the product 
costing process and collaboration support which raised the idea for BDSpeC to improve the costing 
workflow, the transparency of responsibilities, and the productivity in this process. As the second re-
search step showed, some research work has already been done, but the focus has never been to specif-
ically integrate e-Collaboration into business domains and its processes. 
The third research step presented in this doctoral dissertation was a requirements analysis regarding 
integrated e-Collaboration in the domain of product costing. To answer research question (2), expert 
interviews were conducted and a requirements model was formulated to encompass the different areas 
of demand for such a collaborative solution substantiating the approach of BDSpeC. The requirements 
model is subdivided into several areas, including Product Cost Monitoring as a tool to give overall status 
overviews, Costing Workflow to initiate work sequences in a flexible and user-centric manner, Task 
Integration to synchronize data input from various IT systems in the collaborative process, and Collab-
oration Groups to organize access and authorization management. Additionally, prerequisites were iden-
tified that form the basis of the implementation of IT-based collaboration support in product costing. 
Those constraints concern the access to, performance of, and assistance with the systems used. The 
proposed requirements model was evaluated in an expert session, in which the model was generally 
accepted. 
In the course of this dissertation, the development of a design prototype for BDSpeC followed to show 
how product costing can be supported by a software system that satisfies domain specific collaboration 
needs and is integrated into the respective business process. Addressing research question (3), the pro-
totype enables integrated e-Collaboration in product costing based on connections among daily work 
routines, data sources, and the collaborative needs of the specific business domain. A monitoring screen 
summarizes the status of all relevant elements, providing insight into the progress of the costing process. 
By enabling the initiation of virtual cooperation directly in the system, collaboration is accelerated and 
manual effort is reduced. Moreover, data consistency can be increased as the necessity for manual data 
input is decreased. In addition, with the task dashboard screen awareness about the workload is estab-
lished for each participant in the costing process. Notifications automatically inform users whenever 
there are new tasks or changes. Automating the collaboration process aims at increasing productivity 
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and avoiding mistakes resulting from manual efforts. This instantiation of BDSpeC gives full flexibility 
for integrated e-Collaboration by providing a subscription concept that allows each user to decide which 
costing objects are of interest to him or her. Likewise, the permissions concept enables an easily adapt-
able authorization management in order to define who should participate in the collaborative process 
and which system areas they should be able to access. The design prototype covers all requirements for 
BDSpeC in product costing. 
The artifacts for BDSpeC were evaluated in two cycles. First, use cases for collaboration in product 
costing were investigated to evaluate the support of those through BDSpeC. It was ensured that the use 
cases can be found in multiple companies from various industries. After analyzing how BDSpeC im-
proves these aspects of the product costing process, the results were validated in two focus group ses-
sions showing that BDSpeC has big potential to support the collaborative aspects, i.e., the coordination 
of cost calculations, the approval process, and the maturity process of product costing. As a second 
evaluation step, the design prototype for BDSpeC was tested for integrated coordination of component 
calculations in a usability test. The evaluation showed that BDSpeC offers substantial support regarding 
the initiation, the execution, and the monitoring of collaborative aspects of the costing process. There-
fore, the approach of BDSpeC can be seen as a useful and appropriate solution for the current problems 
and challenges in collaboration in product costing. 
After presenting BDSpeC from a design science perspective, design principles were introduced gener-
ating an abstraction from the product costing domain, addressing research question (4). More general-
ized knowledge was provided for the IS community to enable integrated e-Collaboration in various 
business domains. 
4.2 Implications for Research 
For researchers in the IS community, this doctoral dissertation showed how DSR can be applied in a 
domain-specific environment, namely the discrete manufacturing industry. A research approach with a 
strong practical background was provided as represented in the different research steps based on the 
cooperation with various companies from discrete manufacturing. Due to the lack of integrated e-Col-
laboration, the approach of BDSpeC was developed to enable communication, coordination, and infor-
mation exchange in direct connection to the core process with its daily work routines and data sources. 
Artifacts for the product costing domain were created in this DSR project and design principles were 
derived for a broader scope of contexts. The design principles for BDSpeC illustrate how such integra-
tion can be achieved in various business domains by abstracting and codifying design knowledge that is 
useful for both, research and practice (Chandra Kruse et al., 2016). Although, Chandra et al. (2015) 
suggest that design principles should provide prescriptive knowledge about action and an artifact's ma-
terial properties, a similar effect was achieved by using three abstraction levels: design elements, re-
quirements, and design principles. By providing design principles for the broader scope and require-
ments mapped to design elements for the narrower the process of translating design principles into im-
plementable requirements in a contextual setting was also supported (Chandra Kruse et al., 2016). 
Results and Implications  26 
 
The requirements model and design prototype for BDSpeC presented in this doctoral dissertation ad-
dress a class of problems related to collaboration in the domain of product costing in discrete manufac-
turing and further generalization was achieved for the use of BDSpeC in other domains. Yet, no explicit 
kernel theories were used, which situates this research project in a design theory school that Fischer et 
al. (2010) call “kernel theory pragmatists.” As such, “the importance of artifact impact over artifact 
grounding” (Fischer et al., 2010) is stressed in this work. 
4.3 Implications for Practice 
In design practice, the design principles for BDSpeC can be used to create other instances as solutions 
to a class of problems which were explicitly broadened in scope from product costing to domains sharing 
similarities. By providing design principles for the broader scope and requirements mapped to design 
elements for the narrower the process of translating design principles into implementable requirements 
in a contextual setting is supported. This contributes to the process of making use of the design principles 
in design practice as discussed in Chandra Kruse et al. (2016). 
Per Nunamaker et al. (2015), this doctoral dissertation completed the first two steps of “the last research 
mile of IS research”: the proof of concept regarding functional feasibility tested in the use case analysis 
and the proof of value showing that the solution can create value examined in the usability test. The next 
step is the proof of use to demonstrate that practitioners can gain value from their own instances of the 
solution (Nunamaker et al., 2015). Implementing BDSpeC in a specific ES for product costing will 
enable employees to use BDSpeC in their everyday work and allow further evaluation of the artifacts in 
a real-world setting. 
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to increase. A prior study showed that, in the collaborative business domain 
of product costing, adequate collaboration support is still missing and that 
generic collaboration solutions are not able to cover relevant requirements. 
We established an approach for e-Collaboration that focuses on its integration 
into the core process of product costing. This paper investigates the impact of 
our concept, called Business Domain-Specific e-Collaboration, on different 
use cases for collaboration in product costing. The evaluation shows that our 
approach has strong potential to improve the collaborative costing process by 
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integrate e-Collaboration into business domains to enable direct collaboration 
on business objects in enterprise systems. To validate its practicability and 
usefulness, we conducted a usability test for a particular use case in the 
business domain of product costing. In this paper, we present the results of 
the evaluation for the coordination of component calculations based on 
Business Domain-Specific e-Collaboration. We reveal how our concept 
improves the product costing process through higher transparency, an 
increased speed in processing and improvements regarding consistency. 
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Abstract With the rise of digitalization and knowledge work, the relevance of e-
collaboration in and among enterprises continues to increase. However, in the 
discrete manufacturing industry, whose product costing requires ample 
communication, coordination, and information exchange, we detected a 
particular lack of collaboration support in product costing. In response, we 
established the concept of Business Domain-Specific e-Collaboration, which 
focuses on integrating e-Collaboration into the core process of product 
costing. In this paper, we present how we developed and evaluated that 
concept from the perspective of design science. 
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Abstract In this paper, we present design principles for business domain-specific        
e-collaboration (BDSpeC) – a concept that focuses on integrating                       
e-collaboration into the core processes of particular business domains and the 
corresponding transactional enterprise systems (ESs) supporting these core 
processes. These principles are based on our research results regarding 
collaboration support in product costing as pilot domain. In this domain, we 
discovered a specific lack of integrated e-collaboration to enable 
communication, coordination, and information exchange in direct connection 
to the core processes with their daily work routines and data sources. In a 
design science research project, we created artifacts for the product costing 
domain and derived design principles for a broader scope of contexts. The 
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design principles for BDSpeC illustrate how such an integration can be 
achieved in various business domains with similarities to product costing. By 
focusing on design principles, we have abstracted and codified design 
knowledge that is useful for both, research and practice. In design practice, 
the design knowledge can be used to develop other instances as solutions to a 
class of problems sharing similarities with product costing. In design research, 
it is intended to encourage exaptation by supporting the transfer of our 
solution into other domains. 
 
